established a new framework to analyze ChlF and enhanced the applications of ChlF. 
Because the induction curve is commonly observed in semi-log scale, curvature is 1 0 2 computed based on logarithm of time. The curvature of a curve can be easily found by computing numerical differences, but 1 0 7
numerical differences of a measured curve easily suffer from noise, resulting in noise, the induction curve may be first fitted with a spline or polynomial of the form. where y is ChlF, x is the logarithm of time (as the induction curve is usually presented 1 1 2 in semi-log scale to reveal J and I), N is the order of the fitted polynomial, a n (n = 1 1 3 0 … N) are coefficients, and n is an integer. From Eq. (1), the first derivative of y with respect to x can be computed as: Curvature k is computed as: selected as the desired value and it was 15 in this work. The polynomial fitting is used 1 2 4
to capture the main variations in ChlF and thus to eliminate noise. As a result, the Three types of tree leaves (Cercis chinensis, Pittosporum tobira and Elaeocarpus
glabripetalus merr) and two types of vegetable leaves (spinach and lettuce) were used 1 3 7
in the experiments. The tree leaves were collected from the campus of Jiangnan University (Wuxi, China).
The leaves were picked in the morning between 6 am and 7 am in July, when the were transported to the laboratory for experiments. The laboratory temperature was at In order to reduce evaporation and influence of water status on ChlF emission, all the 1 5 0 sample leaves were floated in water for at least half a day. Before ChlF measurement, In this work, four sets of experiments were designed to demonstrate the concept and fourteen leaves of each plant type were measured. The first set of experiments involved all five different types of leaves and was used to . Half an hour dark-adaptation
was applied in between measurements.
The third set of experiments involved the three types of tree leaves and was used to
compare the differences in the times of occurrence and F j and F i values in various
temperatures obtained by the developed method or by the default ChlF meter protocol.
Each leaf was cut into two halves along the central vein. The leaf halves were The fourth set of experiments involved all five plant types and was used to compare were applied on both sides of each leave sample to keep it moist (Guo et al., 2015) .
ChlF was measured each morning and night in 12-hour intervals five times. The Polynomial fitting and curvature analysis were executed in Matlab (Mathworks,
Natick, MA, USA). Statistical analysis was also performed to detect statistical 1 9 2 significances in SPSS (Armonk, NY, USA). of OJIP data, the relative fitting error is less than 0.018%, which shows that
polynomials can represent the OJIP patterns very well. difficult to determine what the optimal illumination light is before experiments. During experiments, light illumination changes the dark-adaptation status and thus it adaptively to always locate J and I at the inflection points as desired when the respectively, which show considerable ranges of variation and thus inadequacy of 2 3 8 using fixed times. The p-values (Appendix A) were examined for comparing the J and I times of The leaves measured were subjected to five levels of detachment duration and chilling 3 0 2 stress. In this group of experiments, the J and I points apparently moved to the right
Differences in the times of occurrence and F j and F i values from different plants
with the increase of duration of detachment and chilling stress. It can be easily found
that all the statistically significant differences detected by the traditional method were detected by the corresponding developed method. However, the developed method 3 0 6 especially t j and t i , differentiated more group differences than the traditional method. t j 3 0 7
and t i are unjustifiably set as constants in the traditional method. illumination intensity and temperature will lead to significant changes in the shape of variations, which could reduce the usefulness of ChlF measurements.
The developed method based on curvature analysis can automatically locate J and I between the 2 nd morning and the 3 rd night for chilled spinach while the traditional 3 2 7 method could not detect the difference. transitions, as shown by the new method. The experimental results also show that t j and t i are very useful ChlF variables. t j can 3 3 7
clearly differentiate five types of leaves but in the standard method it is set as a fixed mathematically-definable features of the ChlF signal could prove useful as well. 
